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Motivation 
• Sea-level rise a robust impact from climate change. 
Potentially disruptive 
High economic costs 
 
• Consequences mostly visible at the settlement level. 
Concentration of economic assets 
Coastal urbanization 
 
• Impacts for cities available but heterogeneous. 
Differences in data, methods & focus 
Coarse spatial data 
Comparability hindered 
 
• High resolution datasets and fast processing 
IPCC AR5 2015 
Past and projected changes in 
sea level. 
EU 
Control 5 
A1B  
change (%) 
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Impact  (M€/Y) on sea flood damages 
PESETA II 2014 
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• Analysis of potential damages from coastal flooding in European cities. 
 
 
 
 
 
 
 
 
• Derivation of damage functions for a large sample of coastal cities. 
 
• Search for patterns in the flood-damage response of cities.  
 
• Automatize coastal adaptation (protection only). 
Im
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Climate stimulus  (e.g., temp, flood) 
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Data Details 
Urban morphological 
zones 
Defined according to 
urban tissue and 
function (EEA 2006) 
Elevation model 25x25 m resolution (EEA 2014) 
Land-cover 
100x100 m 
resolution (EEA, 
1990, 2000, 2006) 
Land-use LUCAS report (EEA 2006) 
Relative damage 
functions Huzinga et al, 2006 
Economic value of assets Huzinga et al, 2006 Eurostat 
Identification of 
urban clusters at 
the coast 
Cluster algorithm 
(Zhou et al, 2013) 
Urban land-cover 
“affected” 
Land cover 
extraction 
Flood fill algorithm Potential flood 
levels at 0.5 m 
intervals 
Ph
ys
ic
al
 a
sp
ec
t 
Land-cover to  
land-use 
Land-uses “afected” 
Fraction of value 
lost at a flood level 
Absolute value lost 
Ec
on
om
ic
 Flood-damage 
response 
Value of land-uses 
/country scalling.  
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Identification of 
urban clusters at 
the coast 
Cluster algorithm 
(Zhou et al, 2013) 
Urban land-cover 
“affected” 
Land cover 
extraction 
Flood fill algorithm Potential flood 
levels at 0.5 m 
intervals 
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Land-cover to  
land-use 
Land-uses “afected” 
Fraction of value 
lost at a flood level 
Absolute value lost 
Ec
on
om
ic
 Flood-damage 
response 
Value of land-uses 
/country scalling.  
Contiguous “urban” cells within a given radius. 
140 urban clusters (area > 40km2) 
located at the coast. 
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within a cluster 
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Identification of 
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Urban land-cover 
“affected” 
Land cover 
extraction 
Flood fill algorithm Potential flood 
levels at 0.5 m 
intervals 
Ph
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sp
ec
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Land-cover to  
land-use 
Land-uses “afected” 
Fraction of value 
lost at a flood level 
Absolute value lost 
Ec
on
om
ic
 Flood-damage 
response 
Value of land-uses 
/country scalling.  
Corine land-cover LUCAS land-use 
Continuous urban 
fabric 
3% - Agriculture 
 
4% - Industry and 
manufacturing 
18% - Transport 
communication... 
50% - Residential 
5% - Commerce, 
finance, business 
5% - Unused  
84% of land-cover associated to a land-use. 
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Relative damage function by land-use. 
Huizinga et al, 2006 
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Identification of 
urban clusters at 
the coast 
Cluster algorithm 
(Zhou et al, 2013) 
Urban land-cover 
“affected” 
Land cover 
extraction 
Flood fill algorithm Potential flood 
levels at 0.5 m 
intervals 
Ph
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ic
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t 
Land-cover to  
land-use 
Land-uses “afected” 
Fraction of value 
lost at a flood level 
Absolute value lost 
Ec
on
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ic
 Flood-damage 
response 
Value of land-uses 
/country scalling.  
Land-use Average maximum damage [€/m2] (2006) 
Residencial 760 
Commerce 621 
Industry 534 
Agriculture 0.77 
... ... 
EU 
Updated to 2014 using EUROSTAT inflations rates. 
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Damages at “continuous urban fabric” class 
D111(x) 
Macro-scale damage function (Bilbao)  
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Normalized damage functions for 140 
urban clusters  
Visually, it appears that two types of curves exist: 
 
- A convex increase over the flood levels. 
- Saturation effect at “high” flood levels.  
 
Costa et. al. | Damage functions for a systematic assessment of impacts 
and adaptation to coastal flooding in Europe | 1-5 October 2015 
Results 
15
 
Normalized damage functions for 140 
urban clusters  
Flood height 
Da
m
ag
e 
A 
B 
Visually, it appears that two types of curves exist: 
 
- A convex increase over the flood levels. 
- Saturation effect at “high” flood levels.  
 
Differentiating between curves using k-means 
clustering (nearest squared differences at all data 
points). 
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Normalized damage functions for 140 
urban clusters  
Visually, it appears that two types of curves exist: 
 
- A convex increase over the flood levels. 
- Saturation effect at “high” flood levels.  
 
Differentiating between 2 curves using the nearest 
squared differences at all data points (i.e., flood levels). 
92 48 
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Sigmoidal shape 
Exponential shape 
Mapping damage function exponents 
The map indicates the location of the investigated 
cities and shows the exponents a4 and b2. 
 
The exponent determines how the damage 
increases for an additional unit of flood height. 
 
Very large exponents suggest damage functions 
close to exponential increase. 
 
Proxy for the vulnerability of a cluster to sea-level 
rise.  
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This study 
This study 
Copenhagen 
Hallegatte  
et al. (2011) 
Hallegatte et al. (2011) 
Comparison of results with damage function for 
London and Copenhagen. 
 
Magnitudes of damages differ roughly by a 
factor of 2 to 4: 
 
- Difference of estimated maximum damage 
values 
- Non-consideration of certain land-uses in 
our approach 
 
Apart from a factor, our “rough” approach 
seems to capture the main features of locally-
derived damage functions. 
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Automatizing adaptation 
Assumption: all cells for which damages are 
obtained need protection. E.g., construction of 
dike with length corresponding to the edge 
length of the cell and height equal flood level. 
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Results 
Protection course: Length of a protection measure (e.g. a dyke or a sea wall) required 
to avoid damages in a given urban cluster at several presupposed flood levels. 
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Preconditions to conduct a spatially-detailed 
cost assessments. 
 
Integrating changing sea and storm levels. 
 
Conduct a cost-benefit analysis between 
avoided damages and costs of protection. 
 
Extending adaptation measure beyond 
protection. 
Spatial distribution of damages in Bilbau 
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Damage function for London 
100yr surge  
today 
(JRC 2014) 
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Damage function for London 
100yr surge  
today 
(JRC 2014) 
+ 1m SLR RCP8.5 
(AR5 2014) 
Preconditions to conduct a spatially-detailed 
cost assessments. 
 
Integrating changing sea and storm levels. 
 
Conduct a cost-benefit analysis between 
avoided damages and costs of protection. 
 
Extending adaptation measure beyond 
protection. 
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Urban growth by flood height (1990 – 2006) 
Extending adaptation measure beyond 
protection. E.g., spatial planning. 
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Luis Costa 
Email: carvalho@pik-potsdam.de 
Phone: 0049 331-288-2527 
 
Research domain II – Climate impacts and vulnerability 
Climate change and development 
Potsdam Institute for Climate Impact Research (PIK) 
 
Thank you… 
“And so castles made of sand, fall in the sea, eventually.” 
Jimi Hendrix 
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This study 
This study 
London 
Dawson et al. (2011) 
Dawson et al. (2011) 
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Source Comments Effect 
CORINE data land cover About 20% of land-cover could not be converted 
to a respective land-use 
Systematic underestimation of 
damages. 
Elevation model Measurement errors and inaccuracies due to 
spatial resolution. 
Statistical errors. 
Flood algorithm Very simplified algorithm estimates “asymptotic 
filling” of area. 
Simplification leads to a 
systematic 
overestimation of the flood 
extent. 
Existing protection 
measures 
Not captured in the analysis. Affects the 
macroscopic damage function in interaction 
with the flooding algorithm. Estimation of 
protection needs assumes no existing structures. 
Systematic overestimation of 
flooded area and inundation 
heights. Additionally, systematic 
overestimation of protection 
needs. 
Land-cover to Land-use 
conversion 
About 20% of land-cover could not be converted 
to a respective land-use 
Systematic underestimation of 
damages. 
Asset values Country-specific asset values according to economic 
power. 
Errors in the asset vales lead to a 
wrong scaling of damage 
functions 
without modifying the shape. 
... ... ... 
